ABSTRACT
INTRODUCTION
Phosphate-modified oligonucleotide analogs 1 such as phosphorothioates and methylphosphonates, initially chosen for their ease of synthesis and resistance to nuclease degradation, have demonstrated the effectiveness of antisense oligonucleotides in vitro and in vivo. However, both phosphorothioate and methylphosphonate modifications suffer from some drawbacks, e.g. introduction of diastereomers causing variable capability to hybridize with the target sequences. With this and some desirable oligonucleotide traits in mind such as water solubility, resistance to nuclease degradation, ability to penetrate the cell membrane, and low cost preparation methods, researchers are now replacing some or all of the anionic phosphate linkers with neutral and achiral non-phosphate linkers. 2 Carboxamide linked nucleosides have been reported on several occasions since 1974 as analogs of DNA with a non-phosphate backbone. 3 Our interest was also spurred onto this area because of Nielsen et al. 4 who reported on PNA (peptide nucleic acids chimera), i.e., DNA analogs in which the deoxyribose phosphate backbone has been exchanged for a peptide backbone.
RESULTS AND DISCUSSION

Synthesis of the building block
The new T*T dimer described here contains a 5-atom carboxamide linker connecting the two pentofuranosyl moities, since we believe a shorter linker would be too rigid compared to the natural 4-atom phosphate linker. Further, this linker was chosen for its lack of chirality and its non-ionic character both desirable properties for antisense applications. The two halves of the dimer were synthesized as follows: The amine 5'-O-(4,4'-dimethoxytrityl)-3'-C>-(2-amino-ethyl)thymidine (3) was prepared from 5'-0-(4,4'-dimethoxytrityl)thymidine 5 (2) and 2-chloroethylamine in the presence of potassium hydroxide in large excess by the method described by Griffin and Todd. 6 The basic properties of the amino group assisted purification since they seemed to reduce the lability of the 5'-O-(4,4'-dimethoxytrityl) group, when exposed to acid.
Oxidation of thymidine in the 5'-position as described by Moss et al. 1 is a very specific reaction, and the carboxylic acid 4 was sufficiently pure after precipitation from the reaction mixture. The carboxamide T*T dimer 5 was prepared from 3 and 4 under mild, neutral conditions using diphenyl phosphorazidate ((PhO) 2 P(O)N 3 , DPPA) 8 -9 as the condensing agent, and the product was obtained in 72% yield after purification on silica gel. The structure of 5 was verified by use of 'H-'Hhomonuclear shift correlated (COSY) 2D-NMR spectroscopy. The phosphoramidite 6 was prepared from 5 and 2-cyanoethyl N,Af,W,W-tetraisopropyl phosphorodiamidite (NCCH 2 CH 2 -OP(NPr') 2 ) as described by Nielsen et al. 10 and the amidite was isolated and re-precipitated from hexane to obtain a satisfactory purity.
DNA synthesis and melting profiles A solution of 6 in dry acetonitrile was used directly in an automated solid-phase DNA synthesizer to prepare the oligodeoxyribonucleotides 5 '-CACCAACT*TCTTCCACA-3', 5'-CACCAACT*TCT*TCCACA-3', and 5'-GTGATGC-AAT*TTTGTAAGTAGA-3'. The oligonucleotides were cleaved
To whom correspondence should be addressed from the support and deblocked with cone, ammonia at 55 °C, followed by purification by HPLC (DMT on), as described by Bjergarde and Dahl. 11 The ability of these modified oligonucleotides to hybridize to their complementary DNA strands was examined by UV melting point (T^ measurements, as previously described. 11 The results are given in Table 1 . The melting points of these modified 17-and 22-mers are seen to be lowered by about 2°C per modification, which is a moderate value, considering that the linkage is very different from a phosphate and that the position of the modification is in the middle of the strand normally causing the larger effect on the melting point. Also, modifications (phosphorothioate or methylphosphonate linkages) between two thymidines have been found to destabilize a duplex more than modifications between other bases. 12 It should be noted that the second modification in the third example (Table 1) 
Polymerase studies
In order to examine the interference of T*T modified DNA with DNA recognizing proteins we performed three experiments. First, the influence of the carboxamide linker on DNA polymerization was investigated using a procedure described for in vitro site directed mutagenesis. 13 Here, the 22-bp oligonucleotide was annealed to M13 recombinant single stranded templates containing the complementary sequences. Subsequently, gapped circular molecules were produced as outlined in Figure 1 , and then a 32 P-labeled oligo primer was annealed to the Ml3 vector in a position just adjacent to the 22-mer sequence. The results presented in Figure 2 show that this duplex is extended across the inserted unsubstituted 22-mer sequences using the large fragment of E.coli DNA polymerase I (lane 2), whereas all of the extended products terminate at the modified site of the M13 construct harbouring the T*T-substituted 22-mer sequences (lane 1). Similar results were obtained when the primer extension is performed with E.coli DNA polymerase I, T4 DNA polymerase, AMV reverse transcriptase or Sequenase. Thus, the T*T module causes specific termination of DNA polymerization in vitro. Recently, it has been shown that also non-base-pairing analogs can block DNA polymerization. Specifically, it has been demonstrated that the presence of two or more residues of phosphodiester linked deoxyribofuranosyl naphthalene moieties are required in order to terminate extension by Taq DNA polymerase.
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Enzymatic hydrolysis
In the second approach exonuclease HI susceptibility studies were performed on duplexes formed between either the T*T modified or unsubstituted 22-mer oligonucleotide (5'-end labeled with 32 P) and the complementary DNA strand. The duplexes were incubated with nuclease for varying time and the resulting oligonucleotides were electrophoresed on 20% PAG/50% urea gels and visualized by autoradiography (Figure 3) . The results clearly show that exonuclease in only is capable of removing 10-11 bp of the modified oligonucleotide (left panel), whereas the unmodified 32 P-labeled DNA strand was degrated to main products of 5-7 bp long oligonucleotides (right panel). Thus, the presence of a T*T residue causes complete inhibition of exonuclease in cleavages.
Finally, the duplex character was investigated by SI nuclease. In other studies, single stranded specific nucleases have been used to probe for irregular structural sites in double stranded DNA. In particular, it has been shown that SI nuclease can recognize single base mismatches, 15 albeit with low efficiency. 16 If the noncomplementary region was increased above 2 or 3 bases, however, high levels of cleavage were observed. 16 Figure 4 shows that there is no detectable internal cutting sites in the DNA duplex formed by the 22-mer modified oligonucleotide and its complementary strand (here 5'-end labeled with 32 P). Only it appears that all cleavage is initiated from the ends of the DNA duplex, an action of SI termed 'nibbling'. 15 Results similar to those-shown in Figure 4 have also been obtained for the unmodified duplex (not shown). Consistent with the thermal stability studies, this result indicates that the 5-atom carboxamide linker does not disrupt interaction between the flanking blocks of base pairs and even if there may be no specific interaction betwen the two A:T base pairs in the internal modified region these bases may at least be stacked in some ordered manner. Further studies along these lines are presently under way in order to determine the suitability of T*T modified oligonucleotides for antisense applications.
EXPERIMENTAL PROCEDURES Spectral measurements
'H-NMR spectra were recorded at 250 MHz and 13 C-NMR spectra at 63 MHz on a Bruker AC 250 spectrometer, and 31 P-NMR spectra on a JEOL FX 90 Q spectrometer. Chemical shifts are given in ppm (6) relative to tetramethylsilane for 'H-NMR, relative to DMSO-rf 6 (39.44 ppm) or CDC1 3 (76.9 ppm) for 13 C-NMR, and relative to 85% H 3 PO 4 as external reference for 31 P-NMR; deuterium lock was established on DMSO-^4 m an internal capillary tube in the latter case.
3'-0-(2-Aminoethyl)-5'-0-(4,4'-dimethoxytrityl)thvmidine (3) S'-O-^'-DimethoxytrityOthymidine 5 (2) (3.14 g, 5.76 mmol) was dissolved in a mixture of benzene (30 ml) and dioxane (10 ml). Powdered KOH (9 g) was added followed by 2-chloroethylamine (4.55 g, 0.057 mol) and the reaction was refluxed for 7 h with vigorous stirring. The reaction mixture was cooled and water (30 ml) was added dropwise before pH was adjusted to 7.5 with 4 M acetic acid. The benzene layer was separated, washed with water, dried (Na 2 SO 4 ), and the solvent T*T-Deoxyribonucleosid-3'-yl 2-cyanocthyl A^Af-diisopropylphosphoramidite (6) T*T (5) (0.0836 g, 0.10 mmol) was dissolved in a mixture of dry acetonitrile (1 ml) and dry methylene chloride (1 ml, freed from acids by filtration through basic alumina) and evaporated until dryness. T*T was redissolved under nitrogen in dry methylene chloride (1 ml) and dry acetonitrile (1 ml) was added. 2- Cyanoethyl N,N,N' ,A/'-tetraisopropylphosphorodiamidite (0.043 g, 80% pure due to thermal conversion into the phosphonic acid, NCCH 2 CH 2 P(O)(NPr i 2 ) 2 , detected by 31 P-NMR) was added, followed by tetrazole (0.007 g, 0.10 mmol) and the mixture was left to react for 30 minutes. Methylene chloride (20 ml) was added and the resulting solution was washed with saturated aqueous sodium bicarbonate (3x10 ml). The organic phase was dried (MgSO 4 ), the solvent evaporated and the residue redissolved in methylene chloride (3 ml). A 75 ml Schlenk flask with glass filter was dried and flushed with nitrogen. Dry hexane (50 ml) was added and stirred vigorously while a methylene chloride solution of 6 was added, dropwise at 0°C. The mixture was left for one hour to allow 6 to precipitate. Hexane was removed through the glass filter, the product was washed with cold hexane (1 ml) and dried, in the Schlenk flask, on the oil pump, to give 0.088 g of 6 (87% yield). The dry 6 was disolved in dry acetonitrile (1 ml) and transfered from the Schlenk flask with a nitrogen flushed syringe to a nitrogen flushed septum bottle and kept over molecular sieves.
31 P-NMR (CH 3 CN) 8 148.38 and 147.49.
T*T-modified oligodeoxyribonucleotides
The syntheses were performed on a Biosearch 8750 DNA Synthesizer using a standard synthesis cycle (1 /unol scale, 20 /imol amidite per cycle, 500 A CPG support) and commercial /3-cyanoethyl phosphoramidites together with 6. The DMTefficiency for coupling of 6 was similar to those of the commercial amidites (>99%). All oligonucleotides were deblocked and purified on HPLC (DMT on) as previously described.
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Melting point (T m ) measurements
The melting points were determined as previously described" in medium salt buffer, 1 mM EDTA, 10 mM Na 2 HPO 4 , 0.14 M NaCl, pH 7.2.
Enzymatic studies
All enzymes used for DNA manipulations were purchased from Boehringer, Mannheim exept modified T7 polymerase (Sequenase) which was obtained from USB Corp. P 32 -labeled nucleotides were obtained from NEN-Dupont. M13 reverse sequencing primer was from New England Biolabs. Duplex DNA was isolated by gel electrophoresis on 20% PAG/8M urea gels and purified as described by Valentin-Hansen. 17 The M13 single-stranded DNA used in the polymerization experiment was isolated from cells harbouring the M13mpl9-134 plasmid. This M13mpl9 derivative encodes the 220 bp deoP2 EcoRI-BamHl fragment from pJEL134. 18 The 22-mer oligonucleotides are complementary to sequences situated between the two CRP targets of deoP2.
Exonuclease III digestion 100 pmol duplex DNA was incubated in 0,1 ml exonuclease m buffer at 30°C. The reaction was started by the addition of 10 units Exonuclease HI. Ten-microliter aliqots were withdrawn after increasing times of digestion and reactions were terminated with addition of gel loading dye solution (formamide/EDTA). Finally, the digests were analyzed on a denaturing polyacrylamide gel. SI nuclease digestion was conducted as described previously. 19 
